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Abstract: Zinc (Zn), Iron (Fe), Manganese (Mn), Copper (Cu), Nickel (Ni), Lead (Pb), Cadmium (Cd) and 
Chromium (Cr) metals were detected in the liver tissues of four fish species: planktonivorous Round 
Sardinella (Sardinella aurita) , herbivorous Marbled spine foot (Siganus rivulatus) and the omnivorous Two 
banded sea bream (Diplodus vulgaris) and carnivorous sparid fishes Bogus (Boops boops), which are sub
jected to various types of terrestrial fallout, and caught from the coastal waters of Alexandria. Results indi
cate that these metals occur at high levels. Selecting liver for this study, a significant organ in toxicological 
processes including storing, metabolizing and elimination of body toxins, was based on its situation as a 
detoxification center and its important function as a site of minimizing pathological effects induced by con
taminants. A pronounced increase in the liver content of tested fish species from unessential contaminant met
als such as Lead (Pb), Nickel (Ni), Chromium (Cr) and Cadmium (Cd) was noticed in spite of their limited 
regulation and slow excretion from marine organisms. The common biologically essential elements: Copper 
(Cu), Iron (Fe), Zinc (Zn), and Manganese (Mn), which are under haemostatic control were found in rela
tively higher values. Good correlation of some liver metal concentrations such as Copper (Cu), Lead (Pb), 
and Chromium (Cr) was found with the corresponding lipid contents. In addition, the liver metal accumula
tion from the ambient surrounding waters was calculated for the four fish species studied. A clear relation
ship was found between biomagnifications of trace metals in the liver tissues and their feeding habits. 
Keywords: Alexandria, coastal waters, fish species, liver tissues, concentration, metals, lipid, biologically 
essential. 
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Introduction 

The Mediterranean Sea, a huge basin, semi
closed from the global oceans, is subjected to the 
impacts of heavy discharges of pollutants from 
numerous industrial processes, particularly in Spain, 
France, Italy and Egypt, whel:' there are big centers 

of mass production. In Egypt, Alexandria coastal 
water is comparably considered one of the major 
pollution-stressed sites in the Mediterranean . The 
problem is identified as industrial and agricultural
derived pollutants on the one hand and sewage
derived pollutants from the other. The area is 
between (Lat.3l o 08' to 31 0 26' North) and (Long 
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.290 47' to 300 06' East) and extends for about (38 
km) from Agami (West) to Abu-Qir Head (East) . 

x 106 m3Over (183 year I of untreated sewage and 
waste waters are discharged into the coastal waters 
of Alexandria. In addition to many industrial efflu
ents, there is also as well as agricultural runoff 

109 m3(brackish water, 2.57 x year:) from El
Umum drain, which discharges its waters into Lake 
Mariut. The contaminated waste water of the lake is 
consequently disposed into the sea through EI-Mex 
Pumping Station. 

Fish are widely used as sentinels of contamina
tion in the aquatic environment. The levels of heavy 
metals accumulated by marine organisms are func
tions not only of water quality, but also of seasonal 
factors such as; temperature, salinity, diet , spawning 
and individual variations (O'Dell and Campbell, 
1971). Muscle (flesh) is the tissue most commonly 
tested because of the implications it carries for 
human consumption and health risk. However, the 
liver is often recommended because it concentrates 
many contaminants at high orders of magnitude 
above muscle concentrations (Schroeder et . al., 
1970). It has an important role in contaminant stor
age, redistribution, detoxification and biotransfor
mation, in addition to its role as an important site of 
pathological effects induced by contaminants. 

Fish livers are used as the target tissue for moni
toring purposes of organic and inorganic contami
nants. Regarding these bases, trace metal contami
nation is considered to be of particular interest. 
Some of them are essential for growth but can be 
toxic above certain concentration levels and others 
are highly toxic even at very low concentrations . 
Comprehensive investigations of metal uptake in 
fish with respect to diet, water, and tfGphic status 
have shown that concentrations of metals are the 
result of a complex interaction of many factors 
(Williams and Giesy, 1978); (Wiener and Giesy, 
1979); (Edwards et. al., 2001). 

Round sardinella, (Sardinella aurita) is a migra
tory species characterized by its filter feeding habits 
on phytoplankton, zooplankton (particularly cope
pods), while Bogus , (Boops boops) have a different 
feeding habit, varying between carnivorous and 
omnivorous . Marbled spine foot (Siganus rivulatus) , 
is a coastal fish feeding mostly on seaweed 
(Bianchi, 1985); (Aboul Naga, 1996), while Two
banded sea bream (Diplodus vulgaris) is an omniv
orous species. (El-Nady 1981); (El-Rayis 1986); 
(EI-Rayis et . al.1997) and (Mahmoud and Allam 
2000) studied the levels of trace metals and the 
accumulation of some metals in the different organs 
of marine fish species of the Egyptian Mediterra
nean water. 

Selection of these species W:lS performed in sum
mer 1995 . They were choosen because of their 
known indication of heavy metals accumulation . 
They are common in the Alexandria region and are 
locally consumed as food of high commercial value . 
Determination of the bioconcentration of metals 
particularly, Iron (Fe), Zinc (Zn), Copper (Cu), 
Cadmium (Cd), Cromium (Cr), Manganese (Mn), 
Lead (Pb) and Nickel (Ni) in their liver tissues rela
tive to the lipid content was undertaken. The uptake 
and accumulation of essential and nonessential met
als in the different fish species are controlled not 
only by food, but also by other factors such as; water 
and other environmental conditions including perio
dicity of exposure to contaminants. 

Materials and Methods 

Round sardinella (Sardinella aurita), Bogus (Boops 
boops), Marbled spine foot, (Siganus rivulatus), and 
Two-banded sea bream (Diplodus vulgaris) were 
caught with trawl nets and fishing lines and frozen 
at (-18°C). Fish for metal analysis were thawed and 
the livers dissected . Samples were composite from 
different age groups. Dissected wet liver tissues 
were placed in cleansed (30 ml) (PFA Teflon) vials, 
weighed and digested with a mixture of nitric and 
perchloric acids. The levels of metals in liver were 
determined according to the method recommended 
by (FAO Technical Paper No. 158,1976) . Determi
nation of Iron (Fe), Copper (Cu), Lead (Pb), Cadm
ium (Cd), Manganese (Mn), Zinc (Zn), Cromium 
(Cr) and Nickel (Ni) were performed with (Perkin 
Elmer 2380 Atomic Absorption Spectrophotometer) 
equipped with a deuterium background corrector. 
All metal concentrations Iron (Fe), Copper (Cu), 
Zinc (Zn), Manganese (Mn), Cadmium (Cd), Lead 
(Pb), Nickel (Ni) and Cromium (Cr) in the liver tis
sues of the fishes have been calculated on wet 
weight bases as (Jig g-I). Lipid content of the liver 
tissues is determined gravimetrically. 

Results 

Concentrations (ytgg- I wet weight) of the (8 met
als); Iron (Fe), Copper (Cu), Zinc (Zn), Lead (Pb), 
Manganese (Mn), Cadmium (Cd), Nickel (Ni) and 
Cromium (Cr) in the liver tissues of each fish 
species, as well as the lipid content (mg g-I wet 
weight), are gi ven in (Table 1). In general, all trace 
metal contents are relatively higher than in the mus
cle tissues. 
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Table 0): Trace metal concentrations in different fish species (ytg g-' wet weight) 

and the lipid content (mg g"' wet weight). 

Iron Zinc Manga- Copper Nickel Lead Cadmium Cromium Lipid 
(Fe)

Species 
(Zn) nese (Mn) (Cu) (Ni) (Pb) Cd) (Cr) 

Round sardinellia 
(Sardinella aurita) 23.50 41.77 4.97 4.97 2.06 4.92 0.97 0 .50 1J6 

Marbled spine foot 
(Siganus rivulatus) 24 .11 120.81 3.44 3.96 1.59 4.76 1.00 1100.29 

Bogus (Boops boops) 39.81 26.85 1.92 7.67 2.241.62 1.21 0.91 161 

Two-banded sea bream 
(Diplodus vulgaris) 10.48 38.55 2.07 6.22 1.43 3.43 0.81 0 .21 139 

Discussion 

According to (Table 1), liver tissues contained 
(1-20 times) more trace metals than muscle tissues 
(See, table 2) as previously detected by (Aboul
Naga 1996). Most tissues of chondrichthys (bony 
fishes) (kidney, brain, gills , gonads and spleen) have 
concentrations of the metals Arsenic (As), 
Cadmium (Cd), Copper (Cu), Mercury (Hg) and 
Zinc (Zn) similar to the 
muscle except for the liver 
which have higher concen
trations (Windom et. ai., 
1973). The order of abun
dance of trace metals in the 
liver tissues based on the 
average concentration has 
the following decreasing 
order: 

[Zinc (Zn) > Iron (Fe) > 
Copper (Cu) > Lead (Pb) > 
Manganese (Mn) > Nickel 
(Ni) > Cadmium (Cd) > 
Chromium (Cr)]. 

This order follows the 

same sequence of occur-

Table (2): Multiplication of liver metal concentrations relative to the muscle 
metal concentrations. 

Species Iron 
(Fe) 

Zinc 
(Zn) 

Manga
nese (Mn) 

Copper 
(Cu) 

Nickel 
(Ni) 

Lead 
(Pb) 

Cadmium 
Cd) 

Cromiun 
(Cr) 

Round sardinellia 2.8 5.6 5.5 5.5 1.5 1.5 2.5 3.4 
(Sardinella aurita) 

Marbled spine foot 5.2 19.9 7.1 6.2 2.1 1.5 2.4 2 .0 
(Siganus rivulatus) 

Bogus (Boops boops) 7 .9 4.8 5.0 5.4 4.0 1.7 2.1 2.3 

Two-banded sea bream 3.6 6.7 5 .0 13 .0 2.5 1.5 1.7 1.6 
(Diplodus vulgaris) 

Calculation followed (Aboul-Naga 1996). 

rence in the muscle tissues, except for lead (Pb), and 
probably reflects the concentration of these metals 
in Alexandria water (Shriadah and Emara, 1992) 
and from the Red Sea coast of Yemen (Heba et. ai., 
2001). The existing data on trace metals distribution 
in the various fish species from the Mediterranean 
Sea reveal that these metals are present in the liver 
tissue to a greater extent than in the muscle tissue. 
The relative accumulation is less pronounced for 
lead (Pb) (1.5 - 1.7 times). (Emara et. ai. 1993) 
stated that trace metals accumulated in the muscle 
and bones of the fish species from the 
Mediterranean and Red Seas show the lowest ratios 
of trace metals concentration (bone/muscle) for lead 
(Pb) (1 .1 - 2.5). 

Bogus (Boops 
boops) has higher 
levels of Iron (Fe) 
(39 .81J1g go') , Copper 
(Cu) (7 .67J1g g-I) , 
Cadmium (Cd) (1.21 
mg go,) and Chrom
ium (Cr) (0.91 mg g-I ) 
in the liver tissues 
than other fish 
species studied . On 
the other hand, Bogus 
(Boops boops) liver 
tissue shows the high 
level of the lipid con

tent (161 mg g-I). Therefore, the increased concen
tration of Iron (Fe), Copper (Cu), Cadmium (Cd) 
and Cromium (Cr) in the liver of Bogus (Boops 
boops) may be related to their lipid-liver concentra
tions . This agrees with (Stacey et. ai.1980) and (El
Shebly 2002), who found that Cadmium (Cd) has 
been identified as a potential lipid preoxidation 
inducer for (PUFA) which may be important for 
fish. 

On the basis of the lipid weight of the liver , the 
concentration of Iron (Fe), Copper (Cu), Zinc (Zn) , 
Manganese (Mn), Nickel (Ni) , Lead (Pb), Cadmium 
(Cd) and Cromium (Cr) were calculated in (See, 
table 3) . It appears from this table that Bogus (Boops 
boops) has an average concentration of (2 to 4 
times) higher than Round Sardinell a (Sardinella 
au rita) and Marbled spine foot (Singanus rivuiatus) 
for Iron (Fe) , Copper (Cu), Nickel (Ni), Cadmium 
(Cd) and Cromium (Cr), except Zinc (Zn), 
Manganese (Mn) and Lead (Pb) (Table 3) . 

Calculating the bioconcentration of the metals in 
the liver tissues of the fish species, relative to the 
ambient water using the data available on the con
centrations of trace metals in Alexandria coastal 
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waters by (Shriadah and Emara 1992), Bogus species , omnivorous and carnivorous, actively mov
(Boops boops) may be proposed as a bioindicator ing fish based on the lipid weight , supports the sug
(Table 4). gestion that variable concentration of trace metals in 

Table (3): Concentration of trace metals (jlg g.1 wet weight) in the liver tis

sue of fish species based on lipid weight (mg g'1 wet weight). 

Species Iron 
(Fe) 

Zinc 
(Zn) 

Manga
nese (Mn) 

Copper 
(Cu) 

Nickel 
(Ni) 

Lead 
(Pb) 

Cadmium 
Cd) 

Cromiu 
m (Cr) 

Round Sardinellia 
(SardineLla aurita) 

316 562 67 67 28 66 13 6.7 

Marbled spine foot 
(Siganus rivulatlls ) 

292 146 42 48 19 58 12 3.5 

Bouge , (Soaps boops) 1032 696 50 199 42 58 31 23.6 

Two-banded sea bream 
(Diplodus vulgaris) 

203 745 40 120 2~ 66 16 4.1 

Calculation followed (Aboul-Naga 1996) . 

Table (4): B ioconcentration of trace metals in the Ii ver tissue of fish species rel
ative to the ambient water (x 103) . 

Species Iron 
(Fe) 

Zinc 
(Zn) 

Manga
nese (Mn) 

Copper 
(Cu) 

Nickel 
(Ni) 

Lead 
(Pb) 

Cadmium 
Cd) 

Cromium 
(Cr) 

Round Sardinellia 
(SardineLla aurita) 13.5 40.9 10.7 64.4 140.4 7.3 38 .3 

Marbled spine foot 
(Siganus rivulatus) 12 .5 25 .6 7.7 43.7 122.6 1.00 20.0 

Bogus (Soops boops) 44.1 30 .5 31.8 96.6 123.5 1.21 134.9 

Two-banded sea bream 
(Diplodus vulgaris ) 8.7 24.4 19 .2 64.4 141 .03 0.81 23.4 

the water and active swim
ming ability of fish may 
give the metal-exposed fish 
the chance of aclimatiza
tion and recovery (Tang 
and Garside, 1987). It is 
worth mentioning that high 
metal concentrations in the 
sea resulting from atmos
pheric deposition or conti
nental contamination from 
mining or industrial wastes 
obligates the organism to 
withstand increased metal 
concentrations indefinitely 
(i.e. , increased tolerance) if 
it is survive in the contami

nated habitat. In addition, 
metal accumulation in tol
erant or resistant organisms 
from heavily contaminated 
sites may represent a poten
tial danger to consumers in 
higher trophic levels, 
including man (Duncan and 
Klaverkamp, 1983); (EI
Nemr et . al., 2003 ). 

Correlation analysis 
between lipid content and 
concentration of trace met

Calculation followed (Shriadah and Emara 1992). 

It was also noti
ced that the other 
sparid fish species 
Two-banded sea 
bream (Diplodus 
vulgaris) an omni
vorous specIes 
highly bioconcen
trated the non
essential metals; 
Nickel (Ni) , Lead 
(Pb) and Cadm
ium (Cd) in addi
tion to the other 
essential element 
Copper (Cu) as 

Table 5. Correlation matrix (significant level = 0.8114). 

Metals 

Iron (Fe) 

Zinc (Zn) 

Manganese (Mn) 

Copper (Cu) 

Nickel (Ni) 

Lead (Pb) 

Cadimum (Cd) 

Cromium (Cr) 

Lipid 

Iron (Fe) 

I 

-0.1372 

-0 .1099 

0.4206 

0.2306 

-0.4460 

0.9983 

0.9243 

0.4415 

follows: (64.4), (141.0) , (9.0) and (19.2 

Zinc (Zn) 

1 

0 .2604 

-0 .8162 

-0 .1467 

0 .6044 

-0 .1117 

-0.5049 

-0.7194 

xI03), 
respectively , with regard to its feeding habit (See , 
table 4). These pronounced high concentration fac
tors of trace metals in the liver of the sparid fish 

Manga
nese (Mn) 

I 

-0 .7093 

0.8758 

0.8658 

-0 .1543 

-0.1920 

-0.7194 

gives 

Copper 
(Cu) 

I 

-0.2842 

-0 .9517 

0.4260 

0.6789 

0.9880 

Nickel 
(Ni) 

I 

0.5169 

0.1762 

0.2617 

-0.4028 

als in the liver tissues using 
standard linear regression 

Lead (Pb) 

I 

-0.4686 

-0.6185 

-0 .9877 

Cadmiu Chromi Lipid
m (Cd) urn (Cr) 

I 

I0.9127 

0.65930.4555 I 

a significant correlation at 95% confidence 
limit) for Copper (Cu) and Lead (Pb): (0 .9880) and 
(-0 .9877), respecti vel y for aJ I fish species lSee , table 
(5)) and (Figure I). 
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elevated metal concen
trations (Tang and 
Garside , 1987). 

Since fish are known 
to process the metal
binding protein metathi
onein (Friberg et. al ., 
1971), a sequestering 
agent, detoxific2.tion of 
the heavy metals in fish 
liver may be by seques
tration rather than elimi
nation (Giesy and Wiener, 
1977). The detected high 
metal contents in the 

(e) Round sardinellia, (Sardinella aurila). (0) Marbled spine fool (Siganus rivulalUS) studied fish, and their 
(x) Bogus (Boops boops). (6.) Two-banded sea bream (Diplodus vulgaris). pronounced good con

dition factors:  
Figure (1): Relation between bioconcentrationof both lead (Pb) & copper (Cu)  
and lipid content in the liver tissues of fishes.  

Copper (Cu) concentrations increase in the liver 
* Round sardinella (SarJiflelia aurita) = (0.72)tissues as the lipid content increases, while lead (Pb) 
* Marbled spine foot (Siganus rivulatus) = (0.9)concentration exhibits an opposite trend . The coeffi
* Bouge (Boops hoops) = (0.86).cient analysis reveals the presence of a good agree
* Two-banded sea bream,{Diplodus vulgaris) =1.45)ment between Cadmium (Cd), Cromium (Cr) and 

These factors indicate that all of them areIron (Fe); Nickel (Ni), Lead (Pb) and Manganese 
healthy, (Aboul-Naga, 1996) and (El-Deeb, 1998) (Mn); Zinc (Zn) and Copper (Cu), but Nickel (Ni) is 
are in a good agreement with the above assumpweakly correlated with these metals (See, table 5).  
tions. This pattern indicates the existence of increasing 

Biomagnification of trace metals in the liver tistolerance and resistance of organisms resulting from 
sues showed a very significant relationship with the 

rl-6-0--------------------------....:...-~ feeding habits of fishes 
Round SHrdinelJa. Two-banded sea bream. (Figure 2) . 
Sardinella oflrilQ, DiplodlJ,~ \Iulgaris It has been denoted that 

Bouge. 800ps boops. 140 Marbled spine foot. fish of mixed carnivorous (Sil!wIUS rj~/II'a!Us) 

and herbivorous habits 
120 Bogus (Boops hoops) were 

clearly bioconcentrating 
100 most elements in their liver 

tissues, while herbivorous 
fish Marbled spine foot 
(Siganus rivulatus) was the 
species with minimum 
degrees of biomagnifica
tion. Fishes with mixed 
omnivorous and herbivo
rous feeding habits Two 
banded sea bream (Diplo
dus vulgaris) and plank
tonivorous fish, Round sar
dinella (Sardinella aurita) 

• • • • have nearly same degrees
Iron Copper Nickel Lead Cadmium Cromium 

of magnitude for biomag(Fe) (Cu) (Ni) (Pb) (Cd) (Cr) 
nification of metals. This 

Figure (2): Relationship between biomagnification of trace metals in the liver 
tissues of fishes and their feeding habits. is due to the similar 

80 

60 

40 

20 

fish 

• 
Manganese 

(Mil) 
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sources of food; mixed omnivorous and herbivorous 
(marine plants and seaweeds, fragments of dead 
marine animals), planktonivorous (phyto and zoo
plankton, detrital materials of dead organisms). The 
pronounced high biomagnification degree of Lead 
(Pb) in all fish species is mainly related to the depo
sition of Lead (Pb) alkyls, particularly tetraethyl 
lead (Pb) which were used as anti-knock agents for 
raising the octane number of gasoline used in motor 
cars. The flow of Lead (Pb) alkyls through the 
atmosphere of Los Angeles area to the nearby 
coastal and open ocean was modelled by 
(Huntzicker et. al. 1975). Another convincing idea 
for the high biomagnification of lead (Pb) in liver 
tissues is due to the process of metal binding protein 
rather than the lipid content of liver, which gave a 
significant high negative correlation with lead. 
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